HE OCCURRENCE of myocardial infarction has been traditionally attributed to occlusive disease of the coronary arteries, and in patients who succumb, the arterial pathology is usually represented as diffuse atherosclerosis of extramural vessels.1' 2 However, variations from this general observation have recently been reported during coronary angiography after infarction. Individual cases or small group reports have been presented showing little evidence of luminal narrowing of the coronary arteries, usually in subjects without known risk factors.3 4 The myocardium itself may possibly play a role in the pathogenesis of infarction in such circumstances. Precordial pain is not infrequently observed in myopathies of varied etiology;5 however, its association with the clinical syndrome of acute myocardial infarction has not been observed, despite the sporadic observation of abnormal Q waves. 6 Our own observa-tion of transmural myocardial scars at postmortem examination in subjects with alcoholism and without significant coronary atherosclerosis suggests that this association may be valid. In this report, we describe a group of 12 patients with a history of chronic alcoholism who were admitted to the coronary care unit (CCU) of an inner city hospital with acute myocardial infarction and were investigated for evidence of occlusive disease of the coronary arteries.
Materials and Methods
The 12 patients of this study gave a history of chronic alcoholism after admission to the CCU. They were divided into groups A and B, the latter composed of two patients with coronary risk factors which were absent in the other ten. All had acute cardiac pain that was consistent with the diagnosis of myocardial infarction. The patients were followed by continuous electrocardiographic monitoring and administered anti-arrhythmic therapy as needed. All received anticoagulants and two had treatment with digitalis and diuretic agents. The surviving subjects who did not have complications were walking after approximately ten days and progressively returned to normal physical activity. Acute phase laboratory data included testing for the isoenzymes of lactate dehydrogenase on nonhemolyzed samples7 as well as an SMA-6 series.
Three patients died during recurrent infarction and autopsies were performed. In the other nine patients, one to three months after infarction, selective coronary arteriography was performed by the Sones technique,8 using 453 multiple projections to minimize vessel overlap. Informed consent was obtained for this procedure which was done to determine whether arterial obstructive lesions were responsible for the heart attack. (Four additional subjects with alcoholism who had infarction refused the procedure and are not included in this report.) Angiographic data were analyzed by two independent observers. When the interpretations were not in agreement, the arteriograms were reviewed jointly for a compromise interpretation. Coronary arterial disease was graded according to previously published criteria.9 Prior to coronary arteriography, ventriculograms were obtained in the right anterior oblique projection and evaluated according to the method described by Herman et al.À fter observing apparently normal coronary arteriograms in the initial patients of this study, the possibility of a coronary thrombus, which had resolved between the time of the acute attack and arteriography, as a basis for infarction was considered. Accelerated platelet turnover has been observed during thromboembolic episodes in man.H owever, neither platelet adhesiveness or aggregation have been found to correlate with platelet survival.'2 Since acute reduction of circulating platelets has been described on serial sampling during coronary artery thrombosis in experimental animals,'3 serial platelet counts were obtained in five of the patients as well as in a group of patients with infarction and no alcoholism. Platelet counts from venous blood collected in EDTA were measured with an electronic particle counter.`' Whenever an occasional erratic count occurred, presumably due to platelet clumping or dirt particles, the sample was discarded and a new one prepared. Samples of normal blood with platelet counts averaging 262,100/mm3 were read in duplicate and found to be reproducible within 5%.
Autopsies were performed within 18 hours of death in the three patients who died during the acute phase of infarction.'
Each heart was cut in slices 1 cm thick, proceeding from the apex to within 3 cm of the atrioventricular groove. Each main coronary artery and its branches were transected at 1 cm intervals in two subjects, and the vessels were opened longitudinally in a third patient. Histochemical examination of ventricular muscle included hematoxalin-eosin, trichrome, Alcian Blue, periodic acid Schiff and Congo
Red.", 5 16 Comparative studies were also performed in 12 undiseased hearts, in the hearts of seven males with alcoholism of similar age without evidence of heart disease, in the hearts of seven patients with alcoholism and cardiomyopathy, ranging in age from 33 to 56 years, and in the hearts of three patients with asymptomatic infarction, ages 36 to 48 years.
Results
A typical course is illustrated in figure 1 . This patient presented four hours after the onset of severe precordial pain radiating to the left shoulder and arm. ST-segment elevation diagnostic of an injury pattern was present in the anterior ECG leads and associated with a ventricular arrhythmia. In addition, the amplitude of R wave progressively diminished and a Q wave abnormality appeared. The upper limit of normal for serum lactic dehydrogenase, 200 units, was exceeded in all. Cardiac LDH isoenzymes were increased, as judged by an LDH ratio below the lower limit for normals of 0.80. The data for each patient are given in tables 1 and 2. Characteristic pain, STsegment elevation, R wave and enzyme abnormalities occurred in all patients, while the Q wave abnormality (duration greater than 0.04 sec and amplitude greater than 25% of the R wave) was observed in eight of the 12 patients. In eight patients, heart size by X-ray was normal prior to discharge or death. A majority had an S3 gallop but less than half showed evidence of pulmonary congestion.
Clinical evidence of malnutrition was generally not evident; the hematocrit and serum albumin were abnormal in only one subject. None had evidence of hemolysis or evidence of renal disease to complicate the interpretation of the isoenzymes. Serum potassium and sodium were within normal limits.
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Discussion
All patients of this report had clear evidence of acute transmural mvocardial infaretion. The fact that this event was associated with primary myocardial disease without significant coronarv atheroselerosis in group A was readily established in the three autopsied patients. Examination of ventricular muscle that was uninvolved in the acute ischemic process revealed evidence of interstitial fibrosis and accumulation of Alcian positive glycoprotein. These findings were similar to those of patients with alcoholism without infarction who had chronic heart failure and in the subjects with asymptomatic infaretion.
The seven survivors of group A had no prior cardiac svmptoms. However, a routine ECG taken months before admission to the CCUI was available in four of the patients. In each, the septal Q wave was absent in leads I, NT5 and \6 ( fig. 5 ), a frequent finding in nonobstructive cardiomvopathvy.2 Two of the other three exhibited absent Q waves on the admission ECG, which appeared later during evolution of an anterior infaretion. \Moreover, hemodvnamic studies after infarction in subjects without residual clinical abnormalities revealed left ventricular end-diastolic pressure at 17 2 mm Hg and ejection fraction of 35 ± 4%c. This contrasts with a report in subjects without alcoholism of similar age, asymptomatic three to four months after classic infarction.20 Six patients with these characteristics had an end-diastolic pressure of 9.1 i .94 mm Hg and a mean ejection fraction of 44 ± Sec. These findings are consistent with the viev that prior to infarction, the surviving patients with alcoholism had a diffuse myocardial abnormality that was, how-ever, insufficient to produce cardiac failure.
Others have reported that obstructive coronary disease may not be a consistent feature on coronary arteriographv in patients wxho subsequentlv undergo mvocardial infarction. This is also suggested bv observations in 11 subjects in whom nonfatal infarction occurred 17 to 87 months after study.9 Four had negative coronarv arteriograms and in seven the degree of obstructive disease was less than 507c, which bv pathologic criteria would not be considered significant.2 Although a rapid progression of arterial disease may occur, the role of obstructive disease as an exclusive basis of infarction mav be questioned in some patient groups. In a recent postmortem study, a A-. evidence of atrial fibrillation, valvular disease, bacterial endocarditis, or systemic emboli. 22 In the three autopsied cases, neither mural thrombi of the left heart or coronary emboli were found. The absence of an acute decline in platelets of systemic blood supports the view that a thromboembolic process was not present. As another potential mechanism, spasm of a coronary artery for a period sufficient to produce infarction, has not yet been demonstrated. Abnormalities of the intramural vessels alone have not yet been conclusively shown to produce a large area of acute infarction in the absence of occlusion in the proximal coronary vessels. In a recent series of 15 patients with amyloid heart disease, all had deposits in the small coronary arteries.23 Despite apparent luminal narrowing of many vessels in five patients, no foci of necrosis or fibrosis was present, presumably due to the patchy nature of the intramural vascular disease and the availability of collaterals. In other disease states individual arterial lesions of small arteries were not directly related to foci of fibrosis.24 Studies of endomyocardial fibrosis with micro-radiographic and injection techniques have indicated that vascular pathology is also unlikely to play a role in the pathogenesis of such scar. 25 26 The occurrence of segmental scar or aneurysm has beeun described in cardiomyopathies in the absence of large coronary vessel lesions.27 29 However, the demonstration of acute infarction in patients without major obstructive disease is unusual.2 The mechanism of infaretion in these patients with toxic cardiomyopathy has yet to be defined. Altered morphology of cardiac cell membranes has been found in a chronic ethanol animal model associated with reduced incorporation of isotopic fatty acid into phospholipid and a reduced K/Na ratio.30 While this metabolic aberration may contribute to a diffuse cardiomyopathy, it is difficult to view the process as sufficiently localized and accelerated to produce clinical infarction.
A more likely mechanism may be related to the periarterial fibrosis which has been observed in the myocardium of the three patients who died. Collagen fibers which normally course along the vascular system3' appear in greater quantity in these subjects, as part of the interstitial collagen deposition, an observation made in two prior reports.32' 33 A concentric arrangement about the larger intramural vessels may limit dilatation during periods of high blood flow requirements and result in confluent necrosis. Such a mechanism has also been postulated to explain fibrosis of the inner myocardial wall in patients with constrictive pericarditis. 34 Demonstration of the factors which precipitate regional necrosis, i.e., greater pericoronary fibrosis or myocardial demand, is required to establish this Circulation, Volume 51, 459 thesis. Since extravascular coronary resistance may be acutely enhanced by elevated filling pressure,35 the increased ventricular end-diastolic pressure which may be present in the chronic alcoholic at rest,3f or after acute ethanol ingestion,37 which was the case in most of these patients, may represent a precipitating factor. In this background, enhanced diastolic tension and myocardial oxygen requirements may be associated with inadequate coronary flow increments.
The common feature of this series of ten patients, constituting approximately one-quarter of the admissions for acute infarction in an 18 month period, was a long history of substantial alcohol use. Since coronary artery disease in alcoholic subjects without severe malnutrition and hepatic cirrhosis is reported to be as prevalent as in the rest of the population,38 infarction on the basis of large vessel occlusive disease would be expected. Such appeared to be the case in two of a total of 12 subjects (group B), one hypertensive and one hypercholesterolemic. The ten subjects of Group A had none of the usual risk factors associated with coronary heart disease syndromes except for cigarette use, which in the majority, was not in the quantity usually considered to represent a primary risk factor.39 Of interest here is the finding in a prospective epidemiologic study that intemperance might be a risk factor; heavy alcohol consumption appeared to enhance the risk of developing coronary heart disease,40 but the pathologic nature of the coronary disease was not described.
